INTRODUCTION
============

Menstrual irregularity is a common complaint in women of reproductive age. According to classification guidelines from the International Federation of Gynecology and Obstetrics (FIGO) Menstrual Disorders Working Group, abnormal uterine bleeding is distinguished by four key characteristics: regularity, frequency, heaviness of flow, and duration. Menstrual bleeding is classified as irregular, absent, infrequent, frequent, heavy, heavy and prolonged, and light, prolonged and shortened.[@B1]

Menstrual disorders are a known marker for underlying insulin resistance (IR).[@B2][@B3][@B4] IR is well known to be related to type 2 diabetes mellitus (DM), hypertension (HTN), and dyslipidemia.[@B5] Therefore, menstrual disorders are likely also associated with metabolic syndrome (MetS).

The causes of menstrual irregularity include: (1) pregnancy; (2) endocrine causes such as poorly controlled DM, polycystic ovary syndrome (PCOS), Cushing disease, thyroid dysfunction, premature ovarian failure, and late-onset congenital adrenal hyperplasia; (3) acquired conditions such as stress-related hypothalamic dysfunction, medications, exercise-induced amenorrhea, and eating disorders (both anorexia and bulimia); and (4) ovarian tumors, adrenal tumors and prolactinomas.[@B6] Although there are many causes, our study focused on the association between menstrual irregularity and MetS.

Previous studies have reported MetS to be more prevalent in women with PCOS. However, few studies have reported on the association between menstrual irregularity and MetS in the general population. Therefore, we conducted this cross-sectional study to assess the association between MetS and menstrual irregularity in women of reproductive age in the Korean general population.

METHODS
=======

1. Survey and Subjects
----------------------

This cross-sectional study was conducted using data from Korea National Health and Nutrition Examination Survey (KNHANES) 2010--2012. The KNHANES were designed to evaluate national health and nutrition status and are conducted by the Division of Chronic Disease Surveillance under the Korea Centers for Disease Control and Prevention (KCDC). The survey consists of an interview for health status, nutritional assessment, and health examination.

For this study, 22,792 subjects were excluded among 25,534 candidates in the KNHANES 2010--2012. The exclusion criteria included men (n=11,616), age (under 19 years, over 40 years, or in a menopausal state; n=11,024), pregnancy (n=2), and missing data (n=150). Finally, a total of 2,742 subjects were included in the analysis. All participants provided written informed consent, and the institutional review board of the KCDC approved the study protocol.

2. Sociodemographic and Lifestyle Characteristics
-------------------------------------------------

A self-reported questionnaire was used to directly as participants about their menstrual regularity. Regular menstruation was defined as women with consistent menstrual cycles lasting less than 35 days. In contrast, irregular menstruation was defined as women with irregular menstrual cycles less or more than 35 days, regardless of the regularity.[@B7] Occupation status, household income, educational level, and physical activity were also assessed from individual interviews conducted by trained staff. Alcohol consumption and smoking status were assessed from the self-reported questionnaire. Subjects were classified as drinkers and non-drinkers based on their alcohol drinking behaviors in the previous year. Drinkers were defined as those subjects who reported consuming at least one drink per month. Dose-related effects were not considered, which was a potential limitation of this study.[@B7] Smoking status was categorized into current smokers and non-smokers at the time of interview. Lower income level was defined as the lowest quartile of the total participants. A higher educational level was defined as high school graduate or beyond. Subjects who exercised moderately for over 30 minutes per session more than five times per week, or those who exercised vigorously for over 20 minutes per session more than three times per week were defined as performing regular physical exercise.[@B8]

3. Anthropometric and Biochemical Measurements
----------------------------------------------

Height and body weight were measured to the nearest 0.1 cm and 0.1 kg, respectively. Body mass index (BMI) was calculated using the formula: body weight (kg)/height^2^ (m^2^). Waist circumference (WC) was measured at the midpoint between the lower costal margin and the iliac crest during exhalation. Blood pressure was measured on the right arm in a seated position using a standard mercury sphygmomanometer (Baumanometer; WA Baum Co., New York, NY, USA) after five minutes of rest. Systolic and diastolic blood pressures were measured three times in five-minute intervals, respectively; the average of the second and third measurements was used in the analysis. Blood samples were obtained after a fasting period of at least eight hours. The levels of fasting plasma glucose (FPG), triglyceride (TG), total cholesterol, high density lipoprotein cholesterol (HDLC), and low density lipoprotein cholesterol (LDLC) were measured enzymatically using a Hitachi Automatic Analyzer 7600 (Hitachi, Tokyo, Japan).

4. Metabolic Syndrome Definitions
---------------------------------

MetS was defined according to Heart, Lung, and Blood Institute and American Heart Association guidelines as any three or more of the following: (1) FPG ≥100 mg/dL (or taking medicine for high glucose); (2) blood pressure ≥130/85 mm Hg (or taking medicine for high blood pressure); (3) TG ≥150 mg/dL (or taking medicine for high triglycerides); (4) HDLC \<50 mg/dL; and (5) WC for Asians ≥80 cm (32 inch).[@B9]

High WC (≥80 cm), high TG (≥150 mg/dL or taking medicine for high triglycerides), high FPG (≥100 mg/dL or taking medicine for high glucose), low HDLC (\<50 mg/dL), and high BP (≥130/85 mm Hg or taking medicine for high blood pressure) were also defined as MetS components.

5. Statistical Analysis
-----------------------

SAS ver. 9.2 (SAS Institute Inc., Cary, NC, USA) was used to perform all statistical analyses. P-values less than 0.05 were considered statistically significant. Participants were divided into two categories based on menstrual cycle regularity. The baseline clinical and metabolic characteristics were expressed as mean±standard error or percentage (standard error). Differences between them based on the presence of menstrual irregularity were analyzed by chi-square test. Logistic regression models were used to calculate multivariable adjusted odd ratios (ORs) and 95% confidence intervals (CIs). There were no adjustments in the first model. The second model (model 2) was minimally adjusted for age, alcohol consumption, smoking status, and physical activity. The third model (model 3) was adjusted for the variables in model 2 plus BMI.

RESULTS
=======

1. Baseline Characteristics according to Presence of Menstrual Irregularity
---------------------------------------------------------------------------

[Table 1](#T1){ref-type="table"} presents the baseline clinical and metabolic characteristics of the study subjects according to the presence of menstrual irregularity. Age differed significantly between groups. Metabolic variables, including BMI and WC, also differed significantly based on the presence of menstrual irregularity. Finally, sociodemographic and lifestyle variables, including smoking status and married subjects, were also significantly different between groups based on menstrual irregularity.

2. Relationship between Menstrual Irregularity and Metabolic Syndrome
---------------------------------------------------------------------

[Table 2](#T2){ref-type="table"} shows the relationship between the presence of menstrual irregularity and MetS and its variables. The prevalence of MetS was significantly different according to the presence of menstrual irregularity. The prevalence of abnormal WC, TG, and HDLC levels were also significantly higher among participants with menstrual irregularity. [Figure 1](#F1){ref-type="fig"} shows the association between the presence of menstrual irregularity and the total number of MetS components. The presence of menstrual irregularity increased with increasing numbers of MetS components.

3. ORs and 95% CIs for Metabolic Syndrome Variables and Associated Traits according to the Presence of Menstrual Irregularity
-----------------------------------------------------------------------------------------------------------------------------

[Table 3](#T3){ref-type="table"} presents ORs (95% CIs) for MetS, high WC, high BP, high FPG, high TG, and low HDLC according to the presence of menstrual irregularity. ORs for MetS, high WC, high TG, and low HDLC tended to increase with the presence of menstrual irregularity in the adjusted analyses.

DISCUSSION
==========

The results of this cross-sectional study demonstrate that irregular menstruation is associated with MetS. Among MetS variables, high WC, high TG, and low HDLC were significantly associated with irregular menstruation. Previous studies have also reported menstrual irregularity to be related to MetS.[@B10]

While obesity can predispose individuals to MetS, our study revealed a significant correlation between high WC and menstrual irregularity. Previous studies have shown that obese women are more likely to experience menstrual irregularity than non-obese women.[@B11][@B12] Obese women have excess fat cells in which the extraglandular aromatization of androgen to estrogen occurs. These women also have lower circulating levels of sex hormone-binding globulin, which converts free androgens to estrone. This mechanism leads to development of PCOS. Patients with PCOS also frequently have IR and hyperinsulinemia.[@B13] Obesity is most common cause of IR and hyperinsulinemia; however, despite its frequent occurrence in PCOS, obesity alone does not explain the association.[@B14][@B15] PCOS and obesity appear to act synergistic on insulin.

Several studies have shown that women with PCOS have a higher prevalence of MetS than age-matched women in the general population.[@B16][@B17][@B18] In Korea, the prevalence of MetS in women with PCOS was approximately 14.5%, nearly 3.5-fold higher than that reported for age-matched women in urban Korean populations.[@B19][@B20] PCOS is the most common cause of ovulatory dysfunction and hyperandrogenism in women.[@B21][@B22] It is associated with abnormal metabolic features such as IR, MetS, dyslipidemia, and increased cardiovascular risk factors.[@B23] IR also plays an important role in the pathogenesis of PCOS.[@B24] Androgen, which is highly associated with PCOS, may play a key role in IR. Shen et al. concluded that the degree of menstrual irregularity did not correlate with the severity of IR and metabolic disorders in women without androgen excess.[@B25] Hyperinsulinemia is not a characteristic of hyperandrogenism in general but is uniquely associated with PCOS.[@B15] Although subjects with PCOS were not analyzed as a separate variable on our study, it is possible that PCOS might mediate irregular menstruation.

Noticeably, high blood pressure was not significantly associated with menstrual irregularity. A previous study showed that HTN appeared to be associated with PCOS; while HTN was not associated with BMI in women with PCOS, it was associated in those without PCOS.[@B26] This observation suggests that HTN is not significantly related to menstrual irregularity.

Our study has several limitations. First, information on menstrual cycle characteristics relied upon written questionnaires rather than menstrual diaries. Previous studies have suggested that retrospective self reports of menstrual cycle lengths are error-prone[@B27] with variable accuracy between diary records and retrospectively recalled menstrual cycle length.[@B28] Second, the questionnaires did not use standard criteria to define regular menstruation. According to recommendations from the FIGO, normal menstruation and the normal menstrual cycle should be defined according to the following parameters: (1) frequency of menses (24--38 days), (2) regularity of menses (variation±2--20 days), (3) duration of menstrual flow (4.5--8 days), and (4) volume of monthly blood loss (5--80 mL).[@B1] Thus, subjects might have experienced confusion regarding their menstrual regularity, which may have led to inaccurate data. Third, another potential limitation of this study was its exclusion of users of hormonal contraceptives. Some women may have been prescribed hormonal contraceptives in response to a history of irregular menstrual cycles. Thus, the prevalence of menstrual irregularity may have been underestimated. Fourth, other causes of menstrual irregularity not related to MetS, such as pregnancy and tumors, were not excluded. Finally, we could not examine levels of hormones such as estrogen, testosterone, sex hormone-binding globulin, follicle stimulating hormone, and luteinizing hormone that could affect the associations between body composition and menstrual cycle characteristics, nor could we determine whether women with irregular or variable cycles were an- or oligoovulatory.

In conclusion, the results of our study suggest increased risk of MetS in women with menstrual irregularity. In addition, PCOS may mediate MetS. Further studies are necessary to assess the association between menstrual irregularity and MetS.
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![shows the association between the presence of menstrual irregularity and the total number of MetS components (P\<0.001). MetS, metabolic syndrome.](kjfm-37-31-g001){#F1}

###### Principal clinical characteristics of subjects according to menstrual irregularity in Korean National Health and Nutrition Examination Survey 2010-2012
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Values are presented as mean±standard error (SE) or % (SE).

^\*^Obtained by chi-square or Student t-tests. ^†^Physical activity was defined using the International Physical Activity Questionnaire. The regular exercise group included subjects who exercised moderately more than five times a week for 30 minutes per session or those who exercised intensively more than three times a week for 20 minutes per session. ^‡^Household income was adjusted for the number of family members; the household income was divided into quartiles. \'Low income\' and \'low education\' were defined as the lowest quartile of income and ≤9 years of education, respectively. ^§^Triglycerides levels were logarithmic transformed because of their skewed distribution.

###### Relationship between menstrual irregularity and MetS
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Values are presented as % (standard error).

MetS, metabolic syndrome; BP, blood pressure; TG, triglyceride.

^\*^Obtained by chi-square or Student t-tests. ^†^Defined according to Heart, Lung, and Blood Institute and American Heart Association guidelines. ^‡^For Asians ≥80 cm (32 inch). ^§^≥130/85 mm Hg (or taking medicine for high BP). ^∥^≥100 mg/dL (or taking medicine for high glucose). ^¶^≥150 mg/dL (or taking medicine for high TG). ^\*\*^\<50 mg/dL.

###### ORs and 95% CIs for MetS variables and associated traits according to the presence of menstrual irregularity
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Values are presented as ORs and 95% CIs. Values are analyzed by multiple logistic regression analysis after adjusting for age, body mass index, alcohol consumption, smoking status, and physical activity. Model 1: no adjustments. Model 2: adjustment for age, alcohol consumption, smoking status, and physical activity. Model 3: adjustment for variables in model 2 plus body mass index.

OR, odds ratio; CI, confidence interval; MetS, metabolic syndrome; BP, blood pressure.

^\*^Defined according to Heart, Lung, and Blood Institute and American Heart Association guidelines. ^†^For Asians, ≥80 cm (32 inch). ^‡^≥130/85 mm Hg (or taking medicine for high BP). ^§^≥100 mg/dL (or taking medicine for high blood glucose). ^∥^≥150 mg/dL (or taking medicine for high triglycerides). ^¶^\<50 mg/dL.
